I suppose that few branches of therapeutics have advanced further during the last fifteen years than thoracic surgery has done; no doubt the European war is largely rasponsible for this result. Previous to 1914 an intrathoracic operation was regarded as distinctly risky, whereas at the present time an exploratory thoracotomy can be performed with almost the same ease and safety as an exploratory laparotomy. This diminution in risk has been brought about, in part at least, by improved anesthetic technique.
DISCUSSION ON ANESTHESIA IN THORACIC SURGERY.
Dr. C. Langton Hewer: I suppose that few branches of therapeutics have advanced further during the last fifteen years than thoracic surgery has done; no doubt the European war is largely rasponsible for this result. Previous to 1914 an intrathoracic operation was regarded as distinctly risky, whereas at the present time an exploratory thoracotomy can be performed with almost the same ease and safety as an exploratory laparotomy. This diminution in risk has been brought about, in part at least, by improved anesthetic technique.
Before discussing the actual anasthetic problems involved, a few words might be said about the preliminary preparation of the patient. There is now general agreement as to the undesirability of drastic purgation before operation, but I think we may go further and ensure that our patients have an abundance of fluid in their systems before coming to the operating theatre. I am convinced that the simple process of directing patients to drink as much fluid as they conveniently can between meals for two or three days before operation, makes a great difference to their condition afterwards. It is noticeable how comfortable and free from vomiting and acidosis are the patients who have been prepared in this way; the dry tongue and general parched feeling, with thick and scanty urine, so often found after prolonged operations, are markedly absent. It seems reasonable to suppose that if the fluid intake before operation is large, the toxins which are liberated during the traumatization of tissues will be diluted and thus have less effect upon the nervous and circulatory systems. It is possible that glucose given in the fluid will effect even better results, but personally I am not convinced of this. For most adult patients a preliminary hypnotic is desirable, but large doses should be avoided or the coughing reflex may be unduly weakened. A fairly healthy man should not have more than morphine gr. 1 and hyoscine gr. -y, whilst for a woman gr. 6 of morphine is usually sufficient. If no ether is to be used, atropine is unnecessary and merely makes the patient feel uncomfortably dry. Finally, in chest cases, it is a mistake to begin the actual induction of anesthesia before the surgeon is ready to begin operating. It is quite possible for from ten to fifteen minutes to be wasted at this stage, to the detriment of the patient's condition.
At this point the after-treatment of thoracic cases may be conveniently considered. It has been shown by Dr. J. Alexander, of Ann Arbor, Michigan, that a larger quantity of saline at a higher temperature can be given rectally to an anesthetized patient than if it is left until consciousness is regained. At the Brompton Hospital and at Queen Mary's Hospital, Roehampton, in Mr. J. E. H.
Roberts' chest cases 1 litre (about 1J pints) of saline, containing 5% glucose, is given while the chest wall is being closed. The temperature of the fluid in the funnel is 1150 F., and this injection is practically always retained. The patient thus reaps the advantages of fluid, heat and glucose, and this treatment partly explains the satisfactory condition after quite severe operations. While the patient is on the table, his bed and room should be made thoroughly hot. It seems impossible to APRIL-ANAESTH. 1 over-estimate the importance of heat in treating post-operative shock. It is fairly easy to provide a warm atmosphere in a small room, but almost impossible in a large ward. For this reason I think that all hospitals should be provided with recovery rooms where patients can remain after operation until their temperature is normal and their condition satisfactory. If the patient must be taken to a general ward, an electric cradle, or one of the new electrically heated blankets, is much more effective and less dangerous than hot-water bottles.
We may now pass on to a consideration of the anesthetic problems which thoracic operations present. In the first place, patients are usually in poor general condition. They may be suffering from a great variety of complaints, such as phthisis, bronchiectasis, empyema, pulmonary abscess, or tumour. all of which tend to depress health, apart altogether from the local lesion. Secondly, the chest wall is vascular, and extensive operations inevitably entail considerable oozing from large surfaces, with corresponding shock. Again, proceedings which involve the opening of one or both pleural cavities introduce a series of factors dependent upon the disturbance of the normal pressure relationships of the thoracic viscera. Lastly, serious respiratory obstruction may arise from the pressure of tumours upon the air passages, or from the presence of blood or pus within their lumen.
It follows, then, that for thoracic surgery, a type of ancesthesia is required which should have the following characteristics:-
(1) It must have no depressant effect upon the body as a whole, even after prolonged administration. (2) It must have no harmful effect upon normal or diseased lung tissue, and must not increase the secretion of the respiratory passages. (3) It must not abolish the coughing reflex. so that fluids in the air passages can be evacuated both during and immediately after operation. (4) It must be followed by rapid recovery without undue after-effects. (5) It must enable one or both pleural cavities to be opened without danger should this be necessary. (6) It must ensure adequate oxygenation of the blood, even when normal respiration is obstructed by tumour or other cause.
Let us consider how the available methods of anesthesia conform to these requirements.
Local Analgesia.-This has a useful place in thoracic surgery, a combination of infiltration and paravertebral dorsal block being commonly employed. In the present state of our knowledge I do not think that high spinal block is justifiable for chest operations. The advantages of local analgesia are that it has no effect upon lung tissue or upon secretions, that the operative field is comparatively dry and that after-effects are rare. After-pain, on the other hand, is definitely greater than with general anesthesia, especially in cases in which the intercostal nerves have been blocked. The coughing reflex is not abolished, but the effectiveness of coughing is diminished for a considerable time after intercostal block, owing to the temporary paralysis of the abdominal muscles. Comparatively minor operationssuch as phrenicotomy, the drainage of pleural and pericardial effusions, the induction of artificial pneumothorax and resection of rib for acute empyema-can often be conveniently performed in adults under infiltration analgesia only. It must not be forgotten, however, that there is such a condition as "pleural shock," which may give rise to alarming collapse. In extensive operations, local analgesia has definite disadvantages. The injection of large quantities of novocaine and adrenalin solutions may give rise to severe toxic symptoms. It is possible that the adoption of the new synthetic drug "percaine," may diminish these in the future, owing to the extreme dilution in which it can be used. There have recently been several cases of sudden death during the injection of novocaine and adrenalin. I believe that these have been caused not by an overdose of the drugs, but by an inadvertent intravenous injection. It has been shown repeatedly that a minute amount of novocaine and adrenalin injected into a vein may cause heart failure, and I believe that the practice of simply injecting solution without ever performing the aspiration test, and without seeing that the needle point is always moving, has led to these fatalities. There are several types of continuous suction syringe on the market which are convenient for infiltrating large areas, as the barrel of the syringe need not be detached from the needle for refilling, but they do not allow the aspiration test to be carried out, and are therefore dangerous when infiltrating vascular areas, such as the thoracic wall. It is noteworthy that Finsterer and Farr, who have both had wide experience with local analgesia, have recently stressed the dangers of intravenous injection. A disadvantage of local analgesia in thoracic surgery is that no protection is afforded against respiratory obstruction, or against collapse of the lung when the pleural cavity is opened. This method is inadvisable in the case of young children, and when injections would have to be made through septic areas. If local analgesia is decided upon, it must be remembered that the actual injection of the fluid is only the beginning of the anasthetist's duties. In extensive operations the patient requires just as careful attention as when a general anawsthetic is being used. For example, it is essential to recognize and treat the initial stages of shock, cyanosis inay require oxygen inhalation, whilst the unexpected opening of the pleural cavities may necessitate the immediate application of differential pressure.
Chloroform.-This is not irritating and does not cause increased secretion of saliva and mucus, nor is the depth of respiration appreciably increased. It has a definite place in thoracic surgery, being especially useful in inducing anmesthesia in patients suffering from a high degree of respiratory obstruction when it is necessary to avoid any congestion and any increase in the depth of respiration. Chloroform, however, has several objectionable features. It shares with ether the defect of producing anmesthesia by combining chemically with the lipoid constituents of nerve-cells, so that it is eliminated slowly and may give rise to after-effects such as prolonged vomiting. Again, it is genefally accepted that light chloroform anesthesia is not without the danger of primary cardiac failure, while if full surgical anaesthesia is maintained, the coughing reflex will be abolished during operation, and for some time afterwards.
Ether.-This allows a very light ancesthesia to be maintained without the risk of primary cardiac failure. It is often useful when given in this way by the open method to children who are too small to be anaesthetized satisfactorily with nitrous oxide and oxygen. The majority of these will be cases of acute empyemata which only need short operations, and they almost invariably do well. For more extensive thoracic operations, however, ether is not satisfactory. It is liable to act as an irritant to the respiratory passages, and may lead to an increase in their secretions. Again, post-anwesthetic vomiting is common with ether, and a pronounced fall of blood-pressure is liable to occur after a long administration. These disadvantages can be overcome to a certain extent by using a minimal amount of ether combined with nitrous oxide and oxygen in endotracheal insufflation, by an adequate preliminary injection of atropine and by subsequent " de-etherization " with carbon dioxide and oxygen. Administered in this way, ether is of service in cases of respiratory obstruction.
Paraldehyde and Avertin.-The more recent rectal techniques using these drugs necessitate a post-operative period of depressed or absent reflexes, and this is definitely undesirable in thoracic cases. In my opinion the retention of an unimpaired coughing reflex is of the highest importance.
Nitrous oxide-oxygen.-This anwesthetic is in an entirely different category from any of the foregoing. It is probably true that nitrous oxide has no chemical effect, but acts physically, by limiting the oxygen supply to the cells of the cerebral cortex. At any rate, it appears to have no deleterious effects whatever upon either normal or diseased tissues. It is interesting to know that animals suffering from pulmonary tuberculosis have been anesthetized with nitrous oxide and oxygen for forty-eight consecutive hours without any exacerbation of the disease being observed. The only way in which this antesthetic can produce untoward effects is by partial asphyxia, if the oxygen percentage is unduly cut down. The advantages of nitrous oxide-oxygen for thoracic surgery are many: It is non-irritating to the respiratory passages, and causes no increase in the secretions of saliva and mucus; the coughing reflex is not abolished; the recovery time is extremely short, whilst aftereffects are conspicuous by their absence. If vomiting occurs more than once immediately after the patient regains consciousness, it is usually due to some other cause than the anesthetic, for example, the preliminary morphine-scopolamine injection. Finally, if the gases are administered under pressure, one or both pleural cavities can be opened without the occurrence of dyspnoea. The only real disadvantage of nitrous oxide-oxygen is the poor muscular relaxation. This, however, is of very little importance in thoracic surgery. It will be seen, therefore, that of the anesthetics so far considered, nitrous oxide-oxygen is the one most generally suitable for major thoracic work, and I have no doubt that its recent adoption has done more than any other one factor to render these operations the safe proceedings which they are to-day.
Ethylene and oxygen.-Ethylene can be used in the same way and with the same apparatus as nitrous oxide. It has two advantages over the former gas. Firstly, a slightly higher percentage of oxygen can be employed, and secondly, the murcular relaxation obtained is slightly greater. I have only used ethylene in about 130 cases, but in my opinion these slight gains are more than offset by three serious drawbacks. The commercial gas has a most unpleasant smell, and its administration is more likely to be followed by nausea and vomiting than is nitrous oxide. Again, the mixture used is highly explosive, and is definitely dangerous if employed in the X-ray room or when lung tissue is being cauterized. Acetylene and oxygen.-Acetylene i,s largely used in Germany under the name narcylene." I have had no experience with this gas in anesthesia, but apparently it is very similar to ethylene.
Having mentioned the different anesthetics at our disposal, let us consider the commoner thoracic operations and the best method of antesthesia applicable to each case.
For anasthetic purposes we mnay divide thoracic operations into the following seven groups: (1) Superficial operations upon the thoracic wall. (2) Extrapleural operations involving the whole thickness of the thoracic wall. (3) Operations involving the opening of one pleural cavity. (4) Extensive thoracotomies which may necessitate the opening of both pleural cavities simultaneously. (5) Intrapulmonary operations. (6) Cases in which a bronchial fistula is present. (7) Cases in which some obstruction to the respiratory passages is present.
(1) Superficial operations utpon the thoracic wall.-The commonest procedures in this group are those of excision and needling of carcinomata of the breast. These call for no special comment, as the cases almost invariably do very well with pure nitrous oxide and oxygen anesthesia.
(2) Extrapleural operations involving the whole thickness of the thoracic wall.-The most usual operation in this group is thoracoplasty, which is generally employed for phthisis, bronchiectasis or chronic empyema. The chief difficulties with which the anwsthetist has to contend are the lateral position with the patient lying on his sound side, the shock which attends the stripping of the periosteui from the ribs, the hemorrhage, which is rarely negligible, and, in bronchiectasis cases, the continual expectoration of muco-pus. I have no doubt that the best anesthetic is pure nitrous oxide-oxygen. The difficulty of the position is largely obviated by using the useful rubber harness devised by Mr. R. J. Clausen which enables the face-piece to be kept firmly in position, however awkwardly the head may be placed. In bronchiectasis cases it is a great help to make the patient lean over and cough up all loose sputum before beginning with the anesthetic. Shock appears to be most easily estimated by taking the pulse-rate together with the pulse pressure. If it seems to be becoming excessive, the surgeon should be informed without delay, and the rest of the operation should be deferred to a later stage.
That this can usually be done if the patient's condition is poor, constitutes one of the advantages of thoracic over abdominal surgery from the anaesthetist's point of view. Thoracoplasty cases anesthetized in this way do remarkably well considering the severity of the operation. Consciousness returns within a few minutes of the cessation of the anaesthetic, and after-effects are rare. I am assured by a ward sister that it is not uncommon for a patient to have a thoracoplasty done at 11 a.m. and to have an ordinary lunch at 1 p.m. Chiefly through the kindness of Mr. W. E. Underwood, one of the medical officers at Queen Mary's Hospital, Roehampton, I have been able to obtain records of the last 100 thoracoplasties which I have anesthetized with nitrous oxide-oxygen. In this series there was only one operative death, which occurred in a patient suffering from chronic empyema who was in a poor condition. He recovered normally from the anesthetic and gave no anxiety until about ten hours later when he collapsed. He died from heart failure about twenty hours after operation. Looking back upon this case, I blame myself for letting the surgeon do too much in one stage. I do not believe that the ansesthetic was in any way responsible for the death. The remaining ninety-nine patients all did well from the anaesthetic point of view. Another type of operation coming within this group is that of cardiolysis for pericardial adhesions. This is really only a partial thoracoplasty and can be treated as such, always remembering that the oxygen percentage must not be unduly cut down, as the heart is already handicapped. A different type of operation which was almost unknown, but which is now becoming increasingly common, is the treatment of cesophageal carcinomata with radium or by excision. The surgical approach is usually from the back, and necessitates the patient lying on his face. If the anesthetist uses the double endotracheal method it is rare for difficulties to arise. It is always wise to plug gauze tightly round the tubes immediately above the glottis, in case severe heemorrhage causes blood to effuse from the pharynx.
(3) Operations involving the opening of one pleural cavity.-These operations may vary in severity, from the simple drainage of an empyema, to the resection of a large number of ribs or to sternum-splitting for the removal of a tumour. When one; side of the normal chest is opened, air enters the pleural cavity, the lung collapses, and dyspncea immediately occurs. The mediastinum, having no inherent lateral stability, moves towards the unopened side, thus tending to collapse that lung also. It follows that a very considerable muscular effort must be made to draw sufficient air into the sound lung, whilst the lateral movenlent of the mediastinum always causes a certain amount of shock. If the pleural cavity contains a small amount of fluid, the disturbance in pressure when it is opened will not be so great, while if it is completely full of fluid under pressure, the changes will be reversed. In other words, when such a cavity is opened, the fluid will spurt out, the intrapleural pressure will fall, the lung will tend to expand, and the mediastinum will be displaced towards the opened side. Now the thoracic viscera can adapt themselves to gradual changes in position to a surprising extent. For example, a man may lead a fairly normal life with a tumour occupying the whole of one side of the chest, and with the mediastinum greatly displaced. Sudden changes in position, however, always give rise to a certain amount of shock. For example, it is most dangerous to make, suddenly, a large incision into a pleural cavity which is completely filled with pus under pressure. If the pus is gradually drained off through a wide-bore needle, subsequent proceedings can be carried out with much -greater safety.
It has been realized for many years that these undesirable effects arising from pressure-changes can be modified by allowing the patient to breathe air or gases at a pressure higher than that of the atmosphere, and the elaborate pressure cabinets were designed with this object. Later, attempts were made to employ compressed air and ether anesthesia. These were only partially effective, since the excessive secretions of the respiratory passages necessitated the frequent removal of the mask from the patient's face, thus interrupting the differential pressure. At the present time we have three practicable ways of obtaining positive pressure with anesthesia: (a) The double-airway endotracheal method with a spring-loaded exploratory valve on the return tube. (b) The rebreathing intubation method introduced by Dr. Magill and Dr. Rowbotham. The Waters inflatable rubber air-cushion encircling the intubation tube helps materially in obtaining an airtight fit without damaging the vocal cords. (c) The third and simplest method is to modify the usual nitrous oxide and oxygen technique. If a continuous-flow apparatus is used, a slightly thicker rubber bag (gauge 8 instead of 10), a spring loaded expiratory valve, and a manometer or pressure-gauge, are desirable. With an intermittent-flow machine no alteration is required to obtain pressures up to 10 mm. Hg, which are usually sufficient.
In my opinion, differential pressure should always be employed in thoracotomies while the pleural cavity is open. The lung should be watched throughout the operation, and the pressure so adjusted that it lies just below the surface of the wound, should this be compatible with the wishes of the surgeon. If this is done, dyspncea will not occur and post-operative pneumothorax will be avoided. In decortication operations it is necessary to guard against the use of excessive pressure, as the lung cannot be expanded until the thickened pleura has been stripped off.
The position of the patient on the operating table is a matter of some importance in empyema cases, and one in which the views of the surgeon may not coincide with those of the anaesthetist. A satisfactory compromise, however, can generally be arranged. The patient himself is the best judge of what position is permissible. He should be placed ready on the table and if he appears comfortable, anesthesia may be induced. If, however, the strain of lying on his sound lung gives rise to cyanosis, dyspncea, or other signs of distress, it is most unwise to begin anesthetizing until a change in position enables him to breathe comfortably. I am strongly averse to ancesthetizing chest patients in the dorsal position in an anaesthetic room and then letting them be carried to the theatre and turned on their side on the table.
It is much safer to settle them comfortably in position before anything is done at all.
(4) Extensive thoracotomies which may necessitate the simultaneous opening of both pleural cavities.-The remarks made upon the previous group of operations apply with even greater force to this class of case. If both pleural cavities are widely open at the same time, the most violent respiratory efforts on the patient's part will not cause an adequate amount of air to pass down the trachea, and death from asphyxia will occur unless added pressure is applied. The anmesthetist, therefore, has no choice in the matter; he must use differential pressure. The ways of doing so have already been discussed.
(5) Intrapulmonary operations.-Operations involving the division of lung tissue are usually performed with the object of removing a foreign body, such as a bullet, or of draining a pulmonary abscess. In some cases partial and complete lobectomy may be necessary. The lung tissue may be divided by means of the finger or some blunt instrument, by the knife, or by the cautery. In any case a certain amount of blood will be effused into the alveoli and bronchioles and will be coughed up. It is consequently most. important that the coughing reflex should not be abolished.
If nitrous oxide-oxygen is used, the face-piece should be directed downwards and the blood will then be blown out of the expiratory valve. If the pleural cavity is opened, differential pressure should be used, but in practice, the presence of adhesions very often renders this unnecessary. If a cautery is used, no ether or ethylene must be employed, as there is a risk of an explosion being caused by the escape of inflammable gases from the ruptured alveoli. If foreign bodies are removed from the lung on the X-ray table (which is often the case) the anawsthetist's plight is not an enviable one. In addition to the difficulties already described, he has to work in complete darkness for considerable periods on end, and any help which he might obtain from the sound of respiration is nullified by the noise made by the electrical plant. Furthermore, the high-tension leads are usually in unpleasant proximity to the face-piece and a slight movement is sufficient to obtain a severe shock. Finally no inflammable vapours can be used. These formidable difficulties can be mitigated to some extent by having a hooded electric bulb illuminating the mixture control of the gas and oxygen machine, and by feeling the blast from the expiratory valve with the hand, whilst one finger is kept on the temporal pulse. In this way, some idea can be obtained of the respiratory and circulatory condition of the patient, and alterations of mixture can be made. Still, I think that these ansesthetics are among the most difficult that we are called upon to administer.
(6) Cases in wvhich a bronchial fistula is present.-Patients who have a large communication between an external wound and a bronchus cannot be ancesthetized with nitrous oxide and oxygen unless the fistulous opening is plugged, since the gases will escape through the wound and a proper regulation of their percentages becomes impossible. The condition is very similar to that of a patient who is breathing partly through his nose and partly through a tracheotomy tube. It is most important never to abolish the coughing reflex if the surgeon contemplates plugging the fistula with gauze soaked in liquid. Cases have occurred in which the excess of fluid has exuded into the main bronchus and has been aspirated into the opposite lung with either fatal results at the time from asphyxia, or the subsequent development of septic broncho-pneumonia. Finally it should be remembered that any cauterization of a fistulous track precludes the use of ether or ethylene.
(7) Cases in which some obstruction to the respiratory passages is present.--This obstruction is usually caused by some type of tumour, such as a retrosternal thyroid, dermoid, or sarcoma, pressing upon the trachea or bronchi. The exact position of the obstruction can frequently be located from a radiogram, and if this is possible, it aids the anwsthetist to a considerable extent. In this class of case the necessity for maintaining a clear airway outweighs every other consideration. In my opinion the following procedure should be adopted. The patient should first of all be placed in the position in which he feels most comfortable; in many cases this will be with the head held well forward, so that the tumour lies further inside the thorax instead of being pulled towards the neck where it might compress the trachea between the convexity of the spine behind and the sternum in front. Anaesthesia is then carefully induced with open chloroform until complete muscular relaxation is present. If possible, two stiff catheters are then pushed down the trachea past the obstruction, anmesthesia being continued with endotracheal nitrous oxide, oxygen and ether. In the rare event of one bronchus being partially blocked, it may be impossible to pass a bicoud6 catheter down the affected side and thus overcome the obstruction. If this catheter is a small one and if only one is used, both lungs will function. In certain cases of large intrathoracic tumours, it may be possible to extend the head sufficiently to use a laryngoscope; in this event an attempt should be made to pass the catheters through the nose by touch; if. this also fails, open chloroform should be continued until the splitting of the sternum or the resection of ribs has relieved the intrathoracic pressure, when the catheters can nearly always be passed with ease. During the subsequent course of the operation it is probable that one or both pleural cavities will be opened, in which case the factors already considered must be borne in mind and dealt with as circumstances arise.
Several varieties of operations which are, strictly speaking, thoracic in character, have been omitted for various reasons. Manipulations performed through the bronchoscope and cesophagoscope are usually considered under the heading of throat surgery, whilst diaphragmatic herniae are generally approached from the abdomen.
Cardiac operations are uncommon and, in this country, are practically confined to the removal of foreign bodies. The few cases which I have seen have done well with nitrous oxide-oxygen anesthesia. I have had no experience at all with valvulotomies for stenosis.
Dr. I. W. Magill The progress of anesthesia has done much to facilitate the work of surgeons and extend the scope of operations in thoracic disease.
With efficient methods of anesthesia at our command we have now the assurance that both pleural cavities can be opened simultaneously, without the risk of immediate death. We also know that the patient's air-way ca.n be absolutely controlled and pulmonary ventilation effectively maintained under most conditions. The knowledge of these facts will undoubtedly influence the surgeon-at least from one aspect-in his decision as to operative risk in thoracic disease, it being now recognized that the management of the anesthetic in major thoracic operations is of considerable importance.
At the same time it must be remembered that thoracotomy for empyema is a routine operation in every hospital, and operations of this kind have doubtless been performed successfully on many occasions without special anesthetic skill or special apparatus. Further, the experience of surgeons in the late war has shown that considerable trauma, both operative and otherwise, can be inflicted on the lungs without incurring fatal results and, in the case of operation, without the protection of positive pressure anesthesia.
In view of the advancing scope of thoracic surgery, it is necessary that we, as anesthetists, should take stock of the agents and methods at our disposal, and set down the indications for them in the light of our experience up to the present time.
Classification of operations from the anmsthetic standpoint.-Classification of the various patbological conditions requiring operation is entirely a matter for the surgeon, and I do not propose to discuss such simple procedures as drainage of an empyema. It will be agreed that local anesthesia, supplemented, if necessary, bv nitrous oxide and oxygen, is all that is required in these cases.
From the anaesthetic standpoint the major thoracic operations fall broadly into two groups.
(1) Operations which are more or less superficial, such as thoracoplasty, decortication and the treatment of bronchial fistula. I include also the drainage of pulmonary abscess and simple exploratory thoracotomy. The patients in this group are usually in poor condition. They are subject to frequent coughing to clear the lungs of much secretion. They are usually toxaemic and tberefore not good subjects for toxic anesthetics. In many of these patients the visceral pleura is partially or completely adherent to the chest wall and the operation need cause no respiratory embarrassment at all. In this group, then, positive pressure ancesthesia is not absolutely essential for pulmonary ventilation.
(2) The operations in this group include the removal of mediastinal and intrapulmonary tumours and cysts, operation for diaphragmatic hernia, and excision of the cesophagus and of some retrosternal goitres. In operable cases of this type, in contrast to those in the first group, bronchial secretion may be negligible, and dyspncea may be absent when the patient is quiescent, even in the presence of a large tumour; in other words, symptoms may be slight. The method of approach usually entails the opening of one pleural cavity at least, and, as the pleura is usually quite free, pneumothorax is complete. The anesthetist must be prepared for the accidental opening of the other pleural cavity, but I have only seen this occur once. The removal of the growth is frequently accompanied by much traction on the important structures in the mediastinum, and shock may be rapid and of severe degree. In addition, there is the possibility of heemorrhage from the large vessels, or the opening of a bronchus during the course of the operation.
It is obvious in operations of this type that the patient requires every possible protection. Pneumothorax is usually induced, where possible, some time before the operation in the course of diagnosis and enables the patient to adjust himself to the condition. This, in my opinion, is of great importance, as the sudden occurrence of pneumothorax in the early stages of a severe operation is liable to be a heavy tax on the resistance of the patient. When pneumothorax is established beforehand, the opening of the thorax at the operation causes no shock or further alteration in the respiratory mechanism. In many of the cases in this group positive pressure anasthesia is essential for the safety of the patient during the operation. There are certain cases which fall between these two groups. One of these is lobectomy, and in operations of this type, as will be seen later, it is necessary to change from one method of anaesthesia to another when occasion arises.
The an(esthetic.-The anesthetics at our disposal are local and general, and as in any other branch of surgery, for the minor operations such as resection of one or two ribs, local anesthesia should be chosen, except perhaps in young children. Local anaesthesia can also be employed for extensive operations such as thoracoplasty, and it is unnecessary to dwell on its advantages. It has been tried at the Brompton Hospital, however, and on the authority of Mr. Tudor Edwards, I can state that general anesthesia combined with intercostal nerve-block gives better results. When we consider the condition of the patients in group I, it is at once obvious that the general anwsthetic chosen should be non-irritating and non-toxic, and should permit of rapid recovery with an active cough reflex throughout the operation. Fortunately the muscular relaxation demanded in abdominal surgery is unnecessary in these operations, so that ether and chloroform can be dispensed with in most cases, and nitrous oxide-oxygen employed.
This anmesthetic is my own choice for such operations, and I consider that facepiece administration, as opposed to intubation, is all that is necessary, in spite of the difficult position of the patient. Nitrous oxide-oxygen anmesthesia has also the advantage that effective positive pressure can be brought into play when necessary.
It is in the second group of cases that endotracheal insufflation is of the greatest value. Continuous high-pressure insufflation as described by Meltzer and Auer, is unnecessary for most thoracic operations. One should be prepared, of course, to increase the intrapulmonary pressure at once in case of emergency, such as the occurrence of double pneumothorax, or intrabronchial htemorrhage. I prefer to insufflate at as low a pressure as is sufficient to abolish the dead space in the trachea, and to control expiration directly. This can be done by means of a wide-bore return tube, or by using only one wide-bore tube and an adjustable expiratory valve.
Nitrous oxide-oxygen with a minimum of ether is the combination of anaesthetics I prefer, and in these operations it is better to use a minimum of ether than to try to obtain pure nitrous oxide anaesthesia. There is usually no secretion to be expelled immediately after the operation, as in tuberculosis or bronchiectasis, and as there is often considerable shock, immediate recovery from the ancesthetic is not advantageous.
I have endeavoured to classify thoracic operations somewhat broadlv into two groups, according to the condition of the patient and the nature of the operation, and I have given lobectomy as an example of an operation which lies between the two. That is to say, patients in whose cases lobectomy is indicated, may exhibit many of the symptoms described in the first group, such as toxemia and profuse expectoration; at the same time, the operation entails the possibility of traction on the contents of the mediastinum and interference with respiration, as in the second group. When secretion is marked, lobectomy is best performed under gas and oxygen from a face-piece, positive pressure and, if necessary, intuhation, being in readiness should they be required. When secretion is not marked, endotracheal aniesthesia can be employed. One case of lobectomy is of interest. A boy aged 13 was anesthetized with gas and oxygen in the ordinary way, and the course of the operation went stnoothly until near the end, when there was complete respiratory obstruction. The glottis was seen to be open, and a catheter was passed gently into the trachea until the air-way was re-established', the patient being tilted head downwards at the same time. On application of positive pressure through the catheter, a large clot was expelled from the trachea. This patient made an uninterrupted recovery.
A similar obstruction took place in a young girl about to undergo thoracotomy for the evacuation of pus. In this case the gas mask suddenly filled with pus before the operation had begun. The patient was rapidly placed head downwards, and as the cough reflex was present, this, aided by gravity, expelled about half a pint of pus from the trachea and bronchi. The operation was postponed, and ultimately became unnecessary, as the patient made a good recovery.
An example of the superiority of simple gas-oxygen anwesthesia over endotracheal insufflation is provided by the case of a man aged 27, from whom an intrapulmonary teratoma was removed in three stages. For the first two operations, endotracheal insufflation was employed, using nitrous oxide-oxygen with some ether. The early onset of shock necessitated postponement of removal of the tumour. Both these operations were followed by bronchitis, and convalescence was slow. At the third operation the tumour was removed under gas-oxygen without intubation, and the condition of the patient was markedly better both during and after the operation.
Conclusions.-These may be summarized as follows: (1) Local anasthesia for minor operations. (2) Nitrous oxide-oxygen combined with intercostal nerve block for major operations in which the pleura is adherent, or not to be opened.
(3) Endotracheal insufflation for certain cases only, e.g., when traction on the mediastinum is likely to interfere with efficient pulmonary ventilation.
The aniesthetist should be prepared to intubate at a second's notice, but the wider his experience, the less frequently does the necessity for this arise.
Statistics.-The following figures may be of some interest, and as we are chiefly concerned with the aniesthetic, I have made the classification as simple as possible. It will be noted that there were four deaths out of 514 ancesthesias, and these were not strictly ancesthetic deaths. One occurred from collapse following profuse hemorrhage in a man undergoing decortication. He had been ansesthetized by me on two previous occasions without any ill-effec s. One death occurred from hemorrhage from a large vessel, in a case of pulmonary abscess; the third from collapse six hours after exploratory thoracotomy for tumour; and the last from collapse four hours after removal of a fibroma weighing 10 lb.
Mr. Tudor Edwards: All recent advances in surgery of the chest owe a great deal to improvements in anesthesia. The whole question of anaesthesia in thoracic operations depends upon whether operation is carried out with a free pleura or whether the pleura is unopened or adherent. In the former case, some method of positive pressure anesthesia is essential, whereas in the latter, when general anesthesia is used, gas-oxygen is the ansesthetic of choice.
There does not appear to be any need, when intratracheal anesthesia is employed, to maintain more than a minimum positive pressure to permit of inflation of the normal lung, and it is never necessary to increase the pressure sufficiently to distend the lung on the side of operation.
Intratracheal anesthesia is essential when there is any risk of opening both pleura3.
Distinct differences exist in the anaesthesia required during thoracoplasties for bronchiectasis and tuberculosis, and those given for chronic empyema. In the former case, the chest-wall mobilization has a direct effect upon the underlying soft lung, whereas in cases of chronic empyema, such a dense fibrous barrier has formed over the lung surface that when the cavity is opened there is no interference with the mechanism of respiration.
Mr. Frankis Evans said that he had had an illustrative case showing the advantage of gas-oxygen over chloroform. On the first occasion the patient was ana,sthetized with gas-oxygen, and the after-effects were negligible. On the second occasion, although he was better able to stand an operation (removal of ribs for chronic empyema), he was sick for three days after a very small amount of chloroform. At this second operation, performed by a different surgeon, chloroform had been requested by the operator, with most unpleasant results to the patient. He (the speaker) did not wish to give the impression that he disapproved of this drug, because he thought it was a most suitable anaesthetic for obstructive conditions, and he took every opportunity of teaching the student its use.
With regard to free-flow syringes, he had found it a simple matter to squeeze the delivery tube while withdrawing the piston, so as to be sure that the needle was not in a vein.
Dr. Z. Mennell said that anaesthetics for chest operations were divided sharply into two classes: (1) When the opening of the pleura caused a free pneumothorax and collapse of the lung; (2) when the pleura was adherent and only a partial pneumothorax was caused.
In the first class, which included such operations as those for exploration of the mediastinum, removal of cesophageal growths or intrathoracic goitres, or for the formidable attempts at removal of clot from the pulmonary artery, then surely a positive pressure in the chest was almost essential. Intratracheal ether in such cases was best for the patient and of great comfort to the surgeon and anasthetist. In the second class, the patients were often in a serious and debilitated condition and a very light aniesthesia short of muscular relaxation was all that was necessary: this could be best procured by nitrous oxide and oxygen following a preliminary narcotic. Speed on the part of the surgeon was more necessary in these cases than in almost any other class of surgery.
In 1918 and 1919 he had had a series of seventeen cases of Wilms' operation. In two of these, intratracheal ether had been employed, in five, chloroform, and in fifteen, gas-oxygen (two operations in some cases). They were all " last hope" cases of h,%moptysis or advanced tuberculosis. In three cases death had occurred shortly after operation: two of these deaths (one from pneumonia and the other preceded by an acute delirious condition) were in the cases in which intratracheal ether had been given. The third death was in one of the gas cases, from haemoptysis. This series had given him the impression that nitrous oxide-oxygen was the anasthetic of choice.
Finally, he would put in a plea for the use of a light chloroform anaesthesia for many cases of empyema, especially in private houses when the rib was often removed while the patient was in bed. Nitrous oxide-oxygen anaesthesia combined with local novocaine would be ideal, but the ideas of many surgeons in this respect were very crude, and the all-important time factor must be remembered.
